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NOTICE - 
T h i s  report  was prepared as an account of Government-sponsored work. 

Neither the United States, nor the National Aeronautics and Space Administration 
(NASA), nor any person acting on behalf of NASA: 

a. Makes any warranty or  representation expressed or  implied with 
respect t o  the accuracy, completeness, or usefulness of the 
information contained i n  t h i s  report ,  or that the use of any 
informtion, apparatus, method, or process disclosed in  t h i s  
report  may not infringe privately-owned r ights ;  or 

b. Assumss any liabilities with respect t o  the use of, or for 
damages resul t ing from the use of any information, apparatus, 
mthod, or  process disclosed i n  t h i s  report. 

A s  used above, "person acting on behalf of NASA" includes any employee or 
contractor of NASA, o r  employee of such contractor, t o  the extent that such 
employees or contractor of NASA, or  employee of such contractor prepares, 
disseminates, or  provides access to, any information pursuant t o  h i s  employ- 
m n t  or contract with NASA, or his employment w i t h  such contractor, 

Requests f o r  copies of t h i s  repart should be referred tor 

National Aeronautics and Space Administration 
Office of Scient i f ic  and Technical Information 
Washington 25, D. C. 

Attent ion: AFSS-A 
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I”WD UCT ION 

The containment of mercury i n  a mercury Rankine cycle power system is 
a serious materials problem. 
the corrosive penetration by msrcury but a lso because of the generation of 
corrosion products and t h e i r  subsequent mass transfer t o  sections o f  the 
system which are sensit ive t o  deposition of these products. 

The problem is c r i t i c a l  not only because of 

zhe of several materials which have indicated more corrosion rgsistance 
t o  mercurythan others is a chromium al loy steel known as Croloy 9M . 
Capsule tests have yielded data which indicated t h a t  for temperatures below 
1200OF the corrosion resistance of t h i s  material may be adequate f o r  a 
Rankine cycle turbo-generator power system. However, it is recognized that 
corrosion products s t i l l  may be generated i n  a Croloy 9M mercury system t o  
such an extent that the  flow of the  working fluid could be blocked eventually 
by mass transfer. 

The continuous separation of the corrosion voduc t s  from the working 
f l u i d  appears t o  be the most feasible method t o  avoM mass t ransfer  d i f f i cu l t i e s .  
The fabricat ion of a forced circulation loop has been completed and operation 
has been i n i t i a t e d  i n  order t o  explore the engineering concept of corrosion 
product separation by hot trapping and magnetic mans and a lso  t o  evaluate the 
corrosion resistance of Croloy 9M. 

This work is sponsored by the National Aeronautics and Space Administration 
under Contract No. U S  3-2538. 
report  and covers t he  period from February 1, 196L through A p i l  30, 1964. 

This report  is the  fourth quarterly progress 

Jt Nomirral analysis: & 8.0 - 10.0 
Ma 0.9 1.1 
c 0.15 
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PROJECT OBJECTIVE3 FaR THE REPORTING PERIOD 

Operation of the loop was  t o  be continued towards the  295O-hour duration 
Evalu- (giving a t o t a l  of 2500 hours since t h e  i n s t a l l a t ion  of  the orifice).  

a t ion  of the th ro t t l i ng  valve was t o  be continusd. 

PROJECT FROGRESS DURING THE REPORTING PERIOD 

The loop operated very sa t i s fac tor i ly  during the first part of the 
quarter unti l  a t o t a l  of 960 hours of operation had been accumulated. 
t h i s  t im the flow increased from 65 pounds per hour t o  75 pounds per hour 
rather abruptly. 
decreased, and the tenzperatures on the condenser side of the  loop increased. 
After another five hours of  operation, the flow again increased abruptly, 
s tab i l iz ing  at  105 pounds per hour, with a second gecrease in  boi le r  
temperature and increase in condenser-side temperatures. A t  t h i s  t b  it 
was a lso  observed t h a t  the level on the condenser-side had decreasedo 
Approximately 25 pounds of mrcury were added t o  t h e  loop t o  increase the  
condenser level. 
the boi ler  was increased and the condenser cooling was  increased t o  its 
maximrun. 
but the leve l  i n  the condenser decreased again over a period of several  
hours. 
and t h i s  resul ted in stable operating conditions a t  a flow rate of approxi- 
mately 100 pounds per hour. 
ception of the  vapor trap ou t l e t  temperature which indicated that this area 
contained some l iquid mercury. It was decided t o  allow the loop t o  operate 
with t h i s  condition f o r  several  days before making any fur ther  changes. 

A t  

As a r e s u l t  of the increased flow, the boi ler  temperature 

In order t o  correct the  temperature profile,  the  power t o  

These changes seemed t o  correct the s i tua t ion  f o r  a short  tim, 

ApFoximately another 25 pounds of mercury were added t o  the loop, 

A l l  conditions were sa t i s fac tory  with the  ex- 

The only log ica l  explanation f o r  the abrupt changes i n  flow seemed t o  
be that some r e s t r i c t ion  in  the  system, perhaps i n  the orff ice ,  was removed 
with time, thus permitting a greater flow of  mercury through the loop, 

Since no mercury was l o s t  t o  the atmosphere with decreases in the  
condenser level, and since t h i s  level eventually became stable, it was pro- 
posed that some cavity in  the  system had f i l l e d  with mercury. 
for t h i s  is t ha t  a crack developed i n  the inner s h e l l  of the l iquid corrosion 
product separator, allowing the  magnet cavi ty  t o  fill with mrcury, In order 
t o  verFfs t h i s  and also t o  verify that the vapor t r a p  ou t l e t  was w e t ,  it was 
decided t o  take radiographs of the en t i r e  system. An iridium-192 source was 
employed, and the r e su l t s  indicated the following: 

The explanation 

- 2 -  
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The vapor i n  the  vapor t rap  contained some liquid mercury, 

The exi t  tube from the vapor t r a p  and the  vapor corrosion 
product separator did not contain l iqu id  merctay. 

A crack had developed i n  t h e  inner s h e l l  of the l i qu id  
corrosion product separator, since the magnet cavity was  
found t o  contain mercury. 

The area between the exi t  of the  vapor t rap  and t h e  l iqu id  
level i n  t h e  condenser contained no =quid mercury. 

The boi ler  pomr tf85 again increased, and the l iqu id  level i n  the 
bo i l e r  was decreased i n  order t o  provide vapor of higher quali ty a t  the 
inlet  of the vapor trap. These changes resulted i n  drying of the  vapor 
in the  vapor trap, as indicated by immersion thermocouples in the  unit. 

Following these changes, the loop operated without incident f o r  an 
additional 762 hours u n t i l  a t o t a l  of 1722 hours of operation had been 
accumulated, A t  t h i s  time t h e  heater on the superheater ou t l e t  f a i l ed  
and the  loop was shut down. 
s t a r t ed  without diff icul ty ,  

The heater was replaoed, and the  loop was re- 

Operation of the loop has continued fkom this point without incident. 

Operating conditions 
A t o t a l  of 2765 hours have now been accumulated ( U 8  of these hours were 
accumulated before the ins ta l la t ion  of t h e  or i f ice) .  
for the loop a t  present are shown schematically i n  Figure 1. 

- 3 -  
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Evaluation of the Croloy 9M thro t t l ing  valve was completed. 
w i l l  be recal led tha t  a very severe l e a k  dewloped in the valve after 448 
hours of operation and that the valve was removed and replaced with a 
Croloy 9H orif ice .  
on the i n l e t  s ide of the valve was 1076OF (28°F superheat), w h i l e  the  average 
ou t l e t  temperature was 809OF (31°F superheat). 

It 

Duriig this period of operation, the average temperature 

Disassembly of the  valve revealed that failure was brought about by 

Figure 2 
"freezing" of the handle t o  a threaded extension welded t o  the bellows. 
This resulted i n  twisting of the bellows and eventual failure. 
shows the disassembled valve, and Figure 3 shows the deformed bellows. 

The valve was  sectioned and mounted f o r  metallographic evaluation. I 

Two foreign m t a l l i c  chips were also found in t h i s  
Examination showed that a deposit had formed on t h e  out le t  s ide of the  
o r i f i ce  i n  the valve. 
area of the valve. 
caused a considerable reduction in the  flow passage in the valve. 
plains  the  control d i f f i c u l t i e s  experienced during i n i t i a l  loop operation 
when fine adjustment of the valve could not be obtained, 
of t h i s  area of the valve are shown in Figures 4, 5 ,  and 6 .  

The combination of the deposit and metall ic chips 
This ex- 

Photomicrographs 

An electron beam microanalysis was performed on the larger  of the two 
mstal l ic  chips and on the deposit by Advanced Metals Research Corporation. 
A careful comparison of the  iron, chromium, and molybdenum x-ray l i n e  in- 
t e n s i t i e s  f o r  the base alloy and the  metallic chip revealed no s ignif icant  
differences, as seen in Figures 7 and 80 
s i l icon  content of these two zones appeared t o  be ident ical ,  
apparent t ha t  the  metallic chip i s  Croloy 9M, probably a residual  par t ic le  
remaining in the valve after fabrication of t h i s  component. 

In addition, the manganese and 
It is  thus 

The  iron, chromium, and molybdenum dis t r ibu t ions  in the  deposit are 
shown i n  Figures 9, 10, and 11, respectively. 
deposit is  iron-rich and chromium and molybdenum-poor. 
small gradient in the v ic in i ty  of the deposit-base metal interface but 
rapidly falls  t o  less than one percent. 
abruptly t o  approximately zero percent a t  t h e  deposit-base m t a l  interface. 
The iron concentration rises t o  roughly 90 t o  95 percent. 
phases are  present in both the deposit and t h e  base metal a s  evidenced by 
the sharp in tens i ty  spikes. 
balance of 5 t o  10 prcent 'mater ia l  not seen i n  the analysis (90 t o  95 percent 
iron, approximately one percent chromium and molybdenum) is probably a r e s u l t  
of the porosity i n  the deposit rather than the presence of an additional element. 

It is  seen here that the 
The chromium shows a 

The mlybdenum content drops 

Chromium-rich 

The These phases are very l i ke ly  carbides, 

- 5 -  
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Failure 

3.2X 

Figure 3. Type 321 SS Bel lows  from Croloy 914 Throt t l ing  V a l y e  

- 7 -  
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Une t c  he d 
lOOX 

4. Composi.te of Figures 5 and 6 
of, t h e  Orifice i n  t h e  Crolay 

- 8 -  

Showing t h e  Outlet Side 
9M Thro t t l i ng  Valve. 
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Unetched lOOX 

Figure 5. Deposition on t h e  Outlet Side of  t h e  Orifice 
i n  t h e  Croloy 9?*1 Throt t l ing  Valve 
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Une t c hed lOOX 

Figure 6. Deposition and Ketal l ic  Chips on t h e  Outlet  Side of t h e  
Or i f i ce  i n  t h e  Croloy 914 Thro t t l i ng  Valve. 

- 10 - 
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Mgure 7. Spectral  Pattern of Croloy 914 Base &tal. 
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Figure 9.  Distribution of Iron in the Deposit Found in 
the Croloy 9M Throt t l ing V a l v e  

- 13 = 

3928 



7RW PLEC~ROMECHANICAL DIVISION 

THOMPSON RAM0 WOOLORIDGE INC. 

Figure 10. Dis t r ibu t ion  of Chromium in the Deposit Found in 
the Croloy 9r.I T h r o t t l i n g  Valve 
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. . . .  

Figure 11. Distribution of Holybdenum in the  Deposit Found 
in the Croloy 914 Throttling Valve 
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The sharp decrease in  both the chromium and molybdenum at  the deposit- 
base metal interface suggests that  iron has been removed from another 
part of the system and has been transported t o  the th ro t t l i ng  valve. 
Examination of t h e  remainder of the system should yield fur ther  information 
on t h i s  theory. 

The stem (Croloy 9M) and the bellows (Type 321 SS) from the valve were 
also examined metallographically. 
vas observed on the valve stem. 
erosion damage as shown in Figure 13, 
approximately four mils. 
on the Type 321 SS bellows, as shown i n  Figure a. 

As seen in  Figure 12 ,  some s l igh t  deposition 
The s t e m  a l so  suffered some corrosion and/or 

The maximum depth of attack was  
Some sl ight  attack (< one mil) was also observed 

As requested by the  NASA contracting off icer ,  fur ther  information on 
the spectrographic analyses and mechanical tests perforrmd during the last 
quarter are presented here. 

During the ShUt-doWn period after 434 hours of operation, two 
r epesen ta t ive  samples of mercury w e r e  taken from the loop under a cover of 
argon. Une sample was removed f r o m  the l iquid corrosion product separator, 
and the second sample was  taken from the remainder of the mercury in the 
system. Spectrographic analyses w e r e  conducted on the two samples. T h e  
samples were then exposed t o  a i r  for  three days in order t o  allow any 
corrosion products present t o  separate from the mercury. 
a i r ,  no "scumw formed on the  surface of the sample from the l iquid corrosion 
product separator. 
of the  second sample and t h i s  was analyzed spectrographically. Following 
the shut-down after 448 hours of operation, a th i rd  representative sample 
was  taken from the system. This sample was t reated in the same manner as 
the other two. 
sample upon exposure t o  a i r ,  
presented i n  Table 1, 

Upon exposure t o  

A very small quantity of n ~ ~ u m w  did form on the  surface 

A small quantity o f  fiscumlg formed on t h e  surface of this 
R e s u l t s  of the spectrographic analyses a r e  

The r e s u l t s  of t ens i l e  tests performed on the as-rolled Croloy 9M 
sheets are presented in  Table 2.. Two samples were machined from each of 
two sheets and were tes ted  at room temperature. 

PROBIEM AREAS 

No problems exist a t  the present time. 

- 16 - 
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Figure 12. Deposition on t h e  Stem of the Croloy 914 Throt t l ing  Valve 
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Figure 13. Attack on t h e  S t e m  of the Croloy 914 T h r o t t l i n g  Valve 
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Une t c  hed 250x 

Figure 14. Section of the Type 321 SS Bellows from the Croloy 914 
Throttling V a l v e  
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PIA”Q) DlRECTION OF EFFORT FOR THE NEXT QUARTER 

The loop w i l l  be shut down and disassembled. Specimens w i l l  be removed 
From the system and evaluated. Writing of the final report w i l l  be completed. 

- 20 - 
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TAB= 1 

SPECTR0GRAF"IC ANALYSIS OF MERCURY SllMPIES 

A, Sample from Eiquid Corrosion Product Separator - 434 Hours 

Faint trace o c a  

B. Sample from Remainder of System - 434 Hours 

Mercury: 

Minor - 4 3  
Faint trace - c a  

scum: 

Appreciable - cu 
Minor - a, w 
Trace to *or - &, Ni 
Trace - B, Si, Fe 
Faint traue - A l ,  MO 

C. Sample Removed from Entire S y s t e m  - 4 8  Hours 

Trace t o  &or - 4 3  
Faht trace - ca, cu, Mg 

scum: 

Minor - cu, Sn 

Trace to minor - Ca, Mg 
Trace - A l ,  Ag, Cd, Fe, Pb, Si  

- 21 - 
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TABLE 2 

Sheet 1 Sheet 2 
B - A B A 

Ultimate strength, psi 124,800 108,000 8,600 90,600 

0.2% Offset Yield strength, 83,700 '71,300 57,000 54,800 
Psi 

Percent Elongation in 2 Inches 27.0 18.5 35.3 34.8 

Percent Reduction of Area 63.1 43.9 75.0 47 04 
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